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Objectives: We obtained longitudinal, radial and circumferential strains in patients with
dengue hemorrhagic fever (DhF) and thrombocytopenia using two-dimensional (2D)
speckle tracking echocardiography to analyze left ventricular (LV) myocardial
performance.
Methods: In this prospective study, 2D echocardiographic images of the left ventricle in the
four-, three- and two-chamber views and parasternal short-axis views at the basal, mid
and apical levels were obtained in 40 subjects: 20 patients (23  8 years, 12 male) with DhF
and thrombocytopenia and 20 healthy controls (23  5 years, 11 male). Of the 20 patients,
imaging was performed again in 19 at discharge after a hospital stay of 8  1 days. Lon-
gitudinal, circumferential and radial strains were quantified and compared in an 18-
segment model using a novel speckle tracking system.
Results: Left ventricular global ejection fraction was reduced in patients with DhF at pre-
sentation as compared with controls (51.25  0.96% vs. 59.32  1.26%; p ¼ 0.032). Peak
longitudinal strain in patients with DhF was significantly attenuated in the subendocardial
region compared with normal controls (p < 0.001). A significant increase in circumferential
strain for patients with DhF was evident only in the subepicardial region (p ¼ 0.009). Pa-
tients with DhF showed significantly higher radial strain than controls (p < 0.001). On
multivariate analysis, subendocardial longitudinal strain independently predicted the
duration of hospital stay in patients with DhF.
Conclusion: Assessment of speckle tracking echocardiography-derived LV mechanics helps
in understanding myocardial mechanics in patients with DhF and thrombocytopenia.
Identification of reduced LV longitudinal strain helps in understanding the mechanism of
reduced LV myocardial performance seen in patients with DhF.
Copyright ª 2013, Cardiological Society of India. All rights reserved.9; fax: þ1 414 649 3551.
(B.K. Khandheria).
2013, Cardiological Society of India. All rights reserved.
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participants through each stage of the study. DhF: dengue
hemorrhagic fever, IV: intravenous.Dengue hemorrhagic fever (DhF) is one of the most common
tropical diseases worldwide and globally associated with
significant morbidity and mortality.1 It is caused by a flavi-
virus transmitted to humans by infected Aedes aegypti
mosquitoes.2 Cardiac involvement in DhF has been re-
ported3,4 but not studied adequately. The various cardiac
conditions reported in patients with DhF are atrial fibrilla-
tion,5 heart block and left ventricular (LV) systolic and dia-
stolic impairment.4 Left ventricular dysfunction has been
reported to be transient as assessed by LV ejection fraction.6
For assessment of LV myocardial performance, ejection
fraction, tissue Doppler imaging, Doppler strain and two-
dimensional (2D) strain have been used widely.7,8 Subclini-
cal changes in LV function can be identified by quantifying
myocardial strain, a dimensionless measurement of defor-
mation expressed as a fractional or percentage change from
an object’s original dimension. Two-dimensional speckle
tracking echocardiography has recently emerged as a novel
technique for rapid offline and bedside analysis of LV strains
in the longitudinal, radial and circumferential directions.9e12
The modality is used to analyze myocardial motion as it
tracks natural acoustic reflections and interference patterns
of 2D echocardiographic images, and has been validated with
measurements obtained by sonomicrometry and magnetic
resonance imaging. Assessment of myocardial mechanics
affecting LV function in patients with DhF and thrombocy-
topenia has not been studied in detail. The aim of this study
was to assess the ability of using subtle differences in LV
longitudinal, radial and circumferential strains to charac-
terize features of LV dysfunction in patients with DhF and
thrombocytopenia.2. Methods
2.1. Study population
This was a prospective study conducted at a tertiary care
hospital in central India from June to December 2011. The
study population comprised 20 consecutive patients (23  8
years, 12 male) seropositive for DhF presenting with throm-
bocytopenia (platelet count: 45,000  6000 per mL) and 20 age-
and sex-matched healthy volunteers from the community
who acted as controls (23  5 years, 11 male). Echocardiogra-
phy was performed both at presentation and discharge after a
hospital stay of 8  1 days. One patient died in the hospital.
Patients with established coronary artery disease with evi-
dence of regional or global wall motion abnormalities, atrial
fibrillation, valvular heart disease, diabetes mellitus, chronic
obstructive airway disease and hypertrophic cardiomyopathy
were excluded. Written informed consent was obtained from
the patients and controls, and the study was approved by the
institutional review board. The flowof participants through all
stages of the study is depicted in Fig. 1. Patients were treated
with intravenous fluids, platelet concentrate infusions ac-
cording to platelet levels and supportive therapy. Patients
were considered for discharge when their condition wasstable, they were afebrile and platelet count was more than
150,000/mL.2.2. Echocardiography
A comprehensive transthoracic echocardiography examina-
tion was performed for all patients with DhF and thrombo-
cytopenia at presentation and discharge (excluding the one
patient who died) and members of the control group.
Commercially available ultrasound transducer and equip-
ment (S4-2 probe, HD7 ultrasound system, Philips Healthcare)
were used. The same experienced operator performed all ac-
quisitions with the patients in the left lateral position. Basic
measurements included LV wall thickness by M-mode, LV
diameter by 2D echocardiography and mitral inflow velocities
by tissue Doppler imagingwith settings per recommendations
by the American Society of Echocardiography.13 Left ventric-
ular volumes and LV ejection fraction were measured using
the biplane method (modified Simpson’s rule) as recom-
mended by the American Society of Echocardiography.14 To
determine the timing of cardiac events, mitral inflow and LV
outflow were recorded using pulsed Doppler echocardiogra-
phy. Two-dimensional echocardiographic images of the LV in
the four-, three- and two-chamber views and parasternal
short-axis views at the basal, mid and apical levels were ac-
quired with same ultrasound machine. Three consecutive
cardiac cycle loops were recorded at end expiration. The
frame rate was kept between 70 and 100 Hz.15 Longitudinal,
circumferential and radial strains were quantified in an 18-
segment model using a novel speckle tracking system (2D
Cardiac Performance Analysis, TomTec Imaging Systems,
Munich, Germany). The system is a speckle tracking-based
tool that can analyze 2D data from various ultrasound ma-
chines and is an extension of velocity vector imaging soft-
ware, which has been previously validated with
sonomicrometry8,9 and magnetic resonance imaging.10,11 The
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myocardial motion from a user-defined tracing along the
endocardial border. Endocardial and automated subepicardial
borders were traced throughout one cardiac cycle by succes-
sive application of a series of tracking steps (Fig. 2). Sub-
endocardial and subepicardial longitudinal systolic strains
were obtained from apical four-, three- and two-chamberFig. 2 e Two screen shots (A and B) showing the tracking of the
values.views. Circumferential and radial strains were obtained
from 6 segments in short-axis views of the LV. These images
were then analyzed offline. The intra-observer variability for
endocardial and epicardial longitudinal strains, endocardial
and epicardial circumferential strains and radial strain by this
method have been previously reported as 10  7%, 8  7%,
11  10%, 25  22%, and 24  20%, respectively.16 Alsoendocardial border in the short-axis view to obtain strain
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were 13.6  6.3%, 12.6  7.9%, 16  15%, 26  21%, and
28  29%, respectively.16
2.3. Statistics
Continuous variables were expressed as mean  standard de-
viation. The differences between groups were analyzed using
independent Student’s t-tests (MedCalc 11.2,MedCalc Software
Mariakerke, Belgium). Correlations between variables were
determinedusingPearsonor Spearmancorrelation testswhere
appropriate. A p-value <0.05 was considered significant. Sta-
tistical significance was tested at 0.016 using one-way ANOVA
and after applying Bonferroni multiple testing correction to
control type 1 error. Univariate regressionmodelswere used to
examine relationships between echocardiographic variables
and duration of hospital stay. Multiple regressions with the
investigator variable (duration of hospital stay) and echocar-
diographic strain variables as forced entry variables were used
for the assessment of adjusted associations.3. Results
The baseline clinical and echocardiography characteristics are
shown in Table 1. There were no significant differences in age
and gender between patients with DhF and controls. At pre-
sentation, patients with DhF had significantly larger LV end-
systolic diameters (p ¼ 0.009), which decreased toTable 1 e Baseline and echocardiographic characteristics of hea
Characteristic Control (20) D
At presentation
Age (years) 23.2  5.38 23.38  8.26
Men/Women (no.) 11/9 12/8
Height (cm) 163.11  12.29 156  10.20
Weight (kg) 58.33  8.69 51.44  8.84
Heart rate (bpm) 71.2  10.7 92.4  11.3
Systolic blood pressure (mmHg) 120.0  6.0 102.86  4.86
Diastolic blood pressure (mmHg) 78.0  4.0 75.2  5.14
Aorta (cm) 2.36  0.1 2.56  0.29
Left atrium (cm) 2.63  0.1 3.06  0.48
LV end-diastolic dimension (cm) 4.36  0.14 4.33  0.52
LV end-systolic dimension (cm) 2.75  0.08 3.12  0.49
Left atrial volume (cm3) 23.3  2.1 35.3  3.2
Global ejection fraction (%) 59.32  1.26 51.25  0.96
E (cm/s) 72.2  1.84 115.41  15.27
A (cm/s) 63.6  2.35 60.19  17.34
E/A 1.16  1.35 2.01  12.13
E/e0 6.75  6.13 8.34  4.23
S0 (septal) (cm/s) 13.47  0.5 8.42  1.62
S0 (lateral) (cm/s) 14.12  0.56 12.48  2.57
Values are mean  standard deviation or p-value.
*Statistical significance was tested at 0.016 using one-way ANOVA and afte
dimensional echocardiographic parameters considered for multiple testin
A: peak late diastolic velocity, DhF: dengue hemorrhagic fever, E: peak earl
of early and late diastolic velocities, E/e0: ratio of mitral early inflow velocit
systolic velocity of the mitral annular longitudinal movement.nonsignificant diameters at discharge as compared with the
control group. Therewas no significant difference in LV size in
diastole between the three groups. Patients with DhF at pre-
sentation had grade III diastolic dysfunction (ratio of early and
late diastolic velocities [E/A] ¼ 2.01  12.13), which improved
to grade II diastolic dysfunction (E/A ¼ 1.36  4.96) at
discharge. However, there was no difference in the ratio of
mitral early inflow velocity to early tissue Doppler annular
velocity (E/e’) between the three groups. Also, patients with
DhF and thrombocytopenia had significantly larger left atrial
volumes at discharge than the control group (p < 0.001). Left
ventricular global ejection fraction was reduced in patients
with DhF at presentation as comparedwith controls, although
the difference was not statistically significant (51.25  0.96 vs.
59.32  1.26; p ¼ 0.032). Left ventricular ejection fraction was
improved at discharge.
Peak longitudinal strain in patients with DhF with throm-
bocytopenia was significantly attenuated in the sub-
endocardial region compared with normal controls
(15.38  5.18 vs. 20.17  5.48, p < 0.001) (Table 2). The pa-
tients with DhF had significantly increased circumferential
strain in the subepicardial region than controls (12.75  3.54
vs. 6.47  1.80, p ¼ 0.009). Patients with DhF and thrombo-
cytopenia showed significantly higher radial strain than con-
trols (36.86  17.27 vs. 21.97  10.37, p < 0.001). As LV strains
are known to be load dependent, LV longitudinal strain was
indexed to LV end-diastolic length obtained in the apical four-
chamber view. Radial strain was indexed to LV end-diastolic
length in the minor axis. Circumferential strain could not belthy controls and patients with dengue hemorrhagic fever.
hF (20) p-value Statistical significance*
(20) At discharge (19)
23.62  7.82 e e
11/8 e e
154  9.86 e e
51.38  8.71 0.017 NS
80.9  18.8 0.012 S
104.34  4.39 0.081 NS
75.88  4.92 0.462 NS
2.52  0.26 0.098 NS
2.98  0.39 0.000 S
4.34  0.58 0.870 NS
2.76  0.80 0.009 S
34.2  2.3 0.000 HS
56.34  0.62 0.032 NS
93.65  15.73 0.000 HS
58.12  12.81 0.444 NS
1.36  4.96 0.000 HS
9.77  4.66 0.023 NS
9.59  1.58 0.000 HS
14.57  2.09 0.024 NS
r applying Bonferronimultiple testing correction. Bolded are the two-
g correction. S: significant, NS: not significant, HS: highly significant.
y diastolic velocity, e0: tissue Doppler early diastolic velocity, E/A: ratio
y to early tissue Doppler annular velocity, LV: left ventricular, S0: peak
Table 2e Comparison of left ventricularmechanics between healthy controls and patientswith dengue hemorrhagic fever.
Characteristic Control group (20) DhF (20) p-value Statistical significance*
At presentation (20) At discharge (19)
Longitudinal strain
Subendocardial (%) 20.17  5.48 15.38  5.18 19.24  2.98 <0.001 HS
Subepicardial (%) 17.68  4.95 18.26  5.43 17.30  3.05 0.257 NS
Circumferential strain
Subendocardial (%) 23.98  8.08 22.18  4.34 21.82  5.17 0.414 NS
Subepicardial (%) 6.47  1.80 12.75  3.54 10.74  2.81 0.009 S
Radial (%) 21.97  10.37 36.86  17.27 24.11  5.98 <0.001 HS
Values are mean  stand deviation or p-value.
*Statistical significance was tested at 0.016 using one-way ANOVA and after applying Bonferroni multiple testing correction. DhF: dengue
hemorrhagic fever, S: significant, NS: not significant, HS: highly significant.
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to circumferential fibers in the 2D plane. We could identify a
similar level of significance in LV longitudinal and radial
strains as seen in nonindexed values (Table 3).
Impact of the five echocardiographic strain parameters,
henceforth referred to as independent variables, on duration
of hospital stay was studied using data from both groups.
Univariate regression analysis revealed that only sub-
endocardial longitudinal strain had a significant positive in-
fluence on the duration of hospital stay in patients with DhF
(p < 0.05, r ¼ 0.48) (Table 4).
Multivariate regression analysiswas performed to consider
all echocardiographic strain variables to predict duration of
hospital stay. To determine if any co-linearity existed between
independent variables, a correlation matrix with simple
Pearson’s correlation coefficient was created. The five echo-
cardiographic parameters (Table 5) in themodel resulted in an
adjusted R-square value of 0.64, indicating a reasonably good
linear correlation. The coefficient of subendocardial longitu-
dinal strain showed a significant impact (p ¼ 0.009) on dura-
tion of hospital stay with a coefficient value of 1.379. There
was no significant correlation between other strain parame-
ters and duration of hospital stay in multivariate analysis.4. Discussion
The first report of cardiac involvement in DhF was reported in
1972 by Obeyesekere and Hermon.17 They reported evidenceTable 3e Comparison of LVmechanics indexed to LV end-diast
DhF.
Characteristic Control group (20) D
At presentation (
Longitudinal strain
Subendocardial (%/cm) 4.58  1.48 3.46  1.16
Subepicardial (%/cm) 4.03  1.36 4.19  1.13
Radial (%/cm) 5.11  0.86 8.16  3.29
Values are mean  stand deviation or p-value.
*Statistical significance was tested at 0.016 using one-way ANOVA and
hemorrhagic fever, LV: left ventricular, NS: not significant, HS: highly sigof arrhythmia and depressed LV function during an epidemic
of DhF. In the present study, conventional echocardiographic
findings revealed increased LV dimensions in systole and left
atrial volumes in patients with DhF presenting with throm-
bocytopenia and at the time of discharge. The findings in the
present study coincide with findings in earlier studies in
which larger left atrial volumes in patients with DhF sug-
gested evidence of diastolic dysfunction.4 Salgado et al18 also
reported evidence of diastolic dysfunction in patients with
acute phase DhF. The filling pressures were significantly
higher in patients with DhF presenting with thrombocyto-
penia and at the time of discharge. To our knowledge, filling
pressure obtained by echocardiography has not been evalu-
ated prior to the acute phase of DhF.
In the present study, LV ejection fraction obtained using
conventional echocardiography measurements in patients
with DhF presenting with thrombocytopenia was significantly
reduced as compared with controls. Left ventricular ejection
fraction recovered at the time of discharge. Similar findings
have been reported in previous studies.3,19 The postulated
underlying mechanisms for reduced LV ejection fraction are
immune in origin, although myocarditis may be a contribu-
tory factor.20 Salgado et al18 postulated that themechanism of
cardiac dysfunction is direct infection of cardiac muscle cells
by dengue virus.
Conventional 2D, M-mode and spectral Doppler echocar-
diography have several limitations in identifying and
measuring early ventricular dysfunction. For example,
measuring LV fractional shortening and LV ejection fractionolic dimension between healthy controls and patients with
hF (20) p-value Statistical significance*
20) At discharge (19)
4.34  0.78 <0.001 HS
4.09  0.95 0.413 NS
5.32  1.28 <0.001 HS
after applying Bonferroni multiple testing correction. DhF: dengue
nificant.
Table 4 e Univariate regression with duration of hospital
stay.
Echocardiographic
parameter (variable)
b SE (b) p-value Adj
R-square
SL Endo 1.232 0.223 1.78E-06 0.48
SL Epi 0.434 0.183 0.038 0.09
SL Rad 0.096 0.037 0.238 0.03
S Endo 0.338 0.286 0.09 0.05
S Epi 0.462 0.403 0.211 0.03
S Endo: subendocardial circumferential strain, S Epi: subepicardial
circumferential strain, SL Endo: subendocardial longitudinal strain,
SL Epi: subepicardial longitudinal strain, SL Rad: radial strain.
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are high. Also, global LV ejection fraction and fractional
shortening only reflect global cardiac contractility and do not
take regional systolic abnormalities into consideration. We
undertook this study to explain the need for understanding
the myocardial mechanical properties in patients with DhF.
Global LV dysfunction has been reported previously in DhF
with thrombocytopenia.19,21,22 Also, LV dysfunction occurs
during acute phase of DhF and normalizes rapidly at the time
of recovery3,23 as was seen in the present study. Left ventric-
ular regional myocardial function in DhF has not been re-
ported previously in the literature and, to our knowledge, this
is the first comprehensive study to assess LV regional
myocardial deformation properties in these patients.
In the present study, patients with DhF had significantly
lower strain parameters in the subendocardial longitudinal
segment as assessed by 2D speckle tracking echocardiogra-
phy. This finding has not been reported in previous studies.
This longitudinal fiber shortening normalized at the time of
discharge as there was no significant difference as compared
with the control group. The subendocardial longitudinally
oriented myocardial fibers have shown to be particularly
vulnerable to ischemia, leading to a dominant decrease in
shortening in the longitudinal axis.24,25 Patients with DhF
showed significantly higher radial thickening than the control
and follow-up groups. Also, a significant reduction in
circumferential strain was evident only in the subepicardialTable 5 e Multiple regression with duration of hospital
stay.
Echocardiographic
parameter
b SE (b) p-value
SL Endo 1.379 0.453 0.009
SL Epi 0.036 0.378 0.719
SL Rad 0.119 0.031 0.062
S Endo 0.145 0.211 0.085
S Epi 0.348 0.266 0.096
R-square 0.692
Adj R-square 0.646
Model p-value 0.000
S Endo: subendocardial circumferential strain, S Epi: subepicardial
circumferential strain, SL Endo: subendocardial longitudinal strain,
SL Epi: subepicardial longitudinal strain, SL Rad: radial strain.region in both patients with DhF presenting with thrombo-
cytopenia and at discharge. This phenomenonmay be helpful
in explaining the compensatory mechanism produced by
circumferential and radial fibers to maintain LV systolic
function in this group.
Di Bella et al reported diffuse impairment of longitudinal
strain and patchy reduction in circumferential epicardial
strain in patients with myocarditis.26 Also, reversible cardiac
dysfunction demonstrated by echocardiography has been re-
ported in patients of H1NI influenza.27 Our results report for
the first-time LV strain parameters in DhF.
4.1. Limitations
The present study is a single-center observational study. The
size of the studied population is relatively small. Despite this
limitation, the present data allow for the identification of both
significant geometric and hemodynamic changes during DhF.
Also, faster heart rates seen during DhF are not considered
ideal for speckle tracking echocardiography. This is a true
limitation of the study as the aim was to identify the LV
myocardial performance by speckle tracking echocardiogra-
phy during DhF.5. Conclusion
Assessment of speckle tracking echocardiography-derived LV
mechanics helps in understanding the myocardial mechanics
in patients with DhF presenting with thrombocytopenia.
Identification of reduced LV longitudinal strain helps in un-
derstanding the mechanism of reduced LV myocardial per-
formance seen in patients with DhF.Conflicts of interest
All authors have none to declare.
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